shown here. Note that the backgating current exhibits asymmetric behaviour with respect to backgating voltage polarity. Also, the backgating current, which is this case mostly flows through the undoped GaAs buffer layer and the high resistivity G a A s substrate. The increase in I, for V, = -lOV and V, > 1.5V is probably related to emission from traps in the buffer layer or substrate. Note that such behaviour is absent in the backgating current characteristics of the InGaAdInAlAs MODFET with the 1nAlAs:Er buffer layer. Also note that 1, is -1 mA.
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The two most important point to note is that the incorporation of Erdoped &.,,As buffer minimises the variation in I* with backgating bias to -1-2mA (which represents a change of less than a factor of 2) and lowers the backgating current to -3 W fi. Furthermore, effects of traps are not observed, which is in agreement with the results of DLTS experiments, in which no deep levels of significant density were identified. These results make the use of Erdoped buffer layers very attractive for the isolation of high-speed FETs and also for the realisation of front-end photoreceivers, where the Erdoped layer can be used to make an MSM photodiode with low dark current and tailored response speed, controlled by the Er doping level. The results show that the MBE proass can produce non-alloyed ohmic c o n t a~ free of noise. The 111 noise of bulk pi-GaAs is charactcriscd by a , -5 x W.
Introduction: l/f noise is notorious for its ubiquity in electronic devices and electrode contacts. Experimental studies on lif noise in semiconductor GaAs have focused on n-type GaAs. There are only two publications about Ufnoise in ptype GaAs [l, 21. The two values of a reported in these papers differed by two orders of magnitude. Therefore, we further investigated the l/f noise in We used a new procedure for making contacts. We grew an epitaxial layer of p+-type GaAs and immediately deposited a 0 . 2~ thick aluminum layer on it in the MBE chamber at +20 (sample W214) and -25°C (sample W249 and 243), respectively [3] . Noisefree contacts of low resistance were obtained.
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Their preparation was described in detail elsewhere [3] . The acceptor concentration in p+-type GaAs and the contact resistivity pc are as follows: W214, 3 . 3~ lWcm3, 1.5 x lCP2 O a n z ; W249, 3.4 x lCP9 c d , 5.7 x lCPs S2an2; W243,l.l x IOm~xr-~, 2.5 x le5 R a n * [3] . The noise measurements were performed at room temperature, in the 1Hz -20kHz frequency range, at different bias currents. The transverse noise (measured at the 3-6, 4-7, or 5-8 pair of terminals) and the longitudinal noise (measured at the 1-2, 3-4, or 6-8 pair of terminals, and so on) were obtained using BSHB samples with the current always flowing through contacts 1 and 2. Using a TLM sample, we could only measure the longitudinal noise. In four-point measurements, the sensors used to measure the noise power densities are not the same as the drivers that carry the current; in two-point measurements the sensors and the drivers are the same.
Results and diseursion:
In this Letter, we express the spectral density of the noise voltage by S, which is the measured result minus the thermal noise and the noise of the preamplifier.
(i) In the two-point measurements, the longitudinal noise is the sum of the bulk noise and the contact noise:
Here, S(g-r) is the spectral density of the generation and recombination noise with a Lorentzian shape, S(l/j) is the l/fnoise spectral density given by the empiriyl relation S(l/j)/V = d(Pj), with a the Hooge parameter [4] .
(ii) In the four-point measurements, the longitudinal noise is with R, the series resistance in the measurement circuit and R the resistance of the measured sample element. Fig. 2 shows that the noise spectra have a pure lp shape with y = 1 for the samples W249 and W243, with y = 1.1 for W214. We do not observe a g-r noise bump in the noise spectra. Therefore, there are no traps that can cause g-r noise in the bulk of the sample and the contact regions. Here the sample W214 is an exception, in which we observe very strong noise, (Fig. 3) b for W243 and W249 with the TLM structure is proof of the fact that the contact noise does not contribute to the result. Hence the noise we measured is purely from the bulk. The a values from the empirical equation are 2 x le5 and 2.2 x lW, respectively, for W243 and W249. The meaning of L is explained in Fig. 3a which suggests a model for the current through these samples. The contact resistivity is so small here that the contacts short-circuit the parts of the sample directly beneath them. This model is proved by the linear dependence of S and the resistance on the length L as it is defined here. Furthermore, the results of these samples, that include the contact noise in twopoint measurements and exclude contact noise in four-point measurements, are the same for a chosen pair of terminals. Clearly, the contacts on the samples W243 and W249 are free of noise. Another proof for this conclusion is that for W249 with the BSHB structure, the ratio of the longitudinal noise SI, to the transverse noise S,, at the same current through contacts 1 and 2 is -0.1 in accordance with calculations given in [q, where the contacts were considered as ideal. 
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Only 0 give8 a straight line, which means that the noise is generated in the bulk below the contacts 3b = centre-to-centre $Lance between contacts
As for sample W214 with TLM structure, the model for current through the sample is also presented in Fig. 3a -L as the centre-to-centre distance between the two contacts. The contact resistance is so high here that the current only passes through the GaAs layer. The process of contacting at the high temperature of + f 5 T influences the quality of the parts of the sample located directly under the contact, which is the source of the high l/f noise shown in Fig. 3c . We cannot he sure that this process does not create traps in the sample, even if we do not observe the g-r noise spectrum. Maybe the Ilfnoise is so high that it dominates a possible g-r noise spectrum.
Both lattice scattering and impurity scattering contribute to the measured mobility p-and to its fluctuations characterised by a-. The relationship between ah, and a -, is given by a -= Conclusion; Noisefree contacts of low resistance cm be prepared by an MBE process at -25°C. There are no traps in the bulk or the contact area that cause g-r noise in the measuring frequency range. However, depositions at +25"C produce very noisy contacts of higher resistance. The Ufnoise we measured in p-GaAs is bulk noise caused by mobility fluctuations, related to the scattering by the crystal lattice. The value of ah, for our samples is -5 x ICP.
